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Mrva M.: Diverzita nahych menaviek (Rhizopoda, Gymnamoebia) v machoch Malych Karpat
(Slovensko).

Pocas rokov 2000-2002 som Studoval faunu nahych menaviek (Rhizopoda, Gymnamoebia) machov na piatich
lokalitich dubovo-hrabovych lesov Malych Karpit. VysuSeny materidl som navlhéil destilovanou vodou a po
piatich dinoch kultivicie som sledoval zastipenie menaviek. Determindcia prebehla na zdklade morfologic-
kych kritérii aktivnych §tadii. Zaznamenal som pomerne vysoku celkovi diverzitu 32 taxénov nahych mena-
viek, ktord sa pohybovala na jednotlivych lokalitich od 17 po 23 taxénov. Najviac bola druhovo zastipend
¢el'ad” Thecamoebidae (9 druhov), pomerne vysoké poéty druhov boli zistené aj u ¢eladi Hartmannellidae,
Vannellidae a Paramoebidae. Zistené druhové zastiipenie nasvedéuje tomu, Ze spoloenstvo nahych mefiaviek
v skiimanych machoch je podobné spoloenstvam v sladkovodnych biotopoch.
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Abstract

Degma P., Simurka M., Guldnovi S.: Community structure and ecological macrodistribution of
moss-dwelling water bears (Tardigrada) in Central European oak-hombeam forests (SW
Slovakia). Ekoldgia (Bratislava), Vol. 24, Supplement 2/2005, p. 59-75.

The structure of tardigrade communities in mosses of Central European oak-hornbeam forests
was studied at 10 sites located in the Malé Karpaty Mts and Trnavskd pahorkatina hills (SW
Slovakia). A total of 3, 050 tardigrade specimens of 21 species and 2 families were gathered
from 79 quantitative samples taken from 2000 and 2002.

Kruskal-Wallis’ tests and regression analyses showed no statistically significant influence
between the 12 studied environmental variables and the number of Tardigrada specimens or
number of species in the samples. A chi-square goodness of fit test suggested that the number
of Tardigrada species in samples of moss Hypnum cupressiforme was random within the
investigated arca.

A t-test of tardigrade species diversity resulted in significant differences between study sites.
The group of communities with the lowest diversity does not differ mutually. Majority of
differences in species diversity were caused by randomly found species.

Results of cluster analysis as well as CCA point out that distribution of tardigrades and their
colonisation of particular substrata is a random process.

Although the results are affected by restricted number of samples, we believe that Tardigrada as
passively dispersed organisms are without significant relationship to ecological variables
related to their distribution amongst substrata.

Key words: Tardigrada, community structure, ecological macrodistribution, mosses,
oak-hornbeam forests, Central Europe
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Introduction

Tardigrades living in mosses are organisms passively dispersed predominantly by wind
but also by rain, floodwaters and melting snow. Occasionally animals visiting mosses can
transport their specimens or eggs. Density of populations in colonized substrata can
depend on several abiotic and biotic factors (Ramazzotti, Maucci, 1983).

Community structure or ecological macrodistribution (distribution between substrata)
of moss-dwelling tardigrades have been already discussed in more papers (Dastych,
1988 Tto, 1999; Peters, Dumjahn, 1999 etc.). Although these studies were based on
quantitative data only few of them have used statistical methods so far (Nelson, 1975;
Kathman, Cross, 1991; Wright, 1991; Nelson, Adkins, 2001; Nichols et al., 2001;
Romano et al., 2001; Jonsson, 2003).

The present study is a part of the project focused on microfauna and arthropod
communities in oak-hornbecam forests (predominantly in soil) in SW Slovakia. From
moss fauna, only tardigrades and active gymnamoebae (Mrva, 2005) were studied within
this project. Only one study (Guoth, 1986) and several published records including the
description of Echiniscus pajstunensis Barto§, 1941 have referred to Tardigrada of this
region (Barto§, 1937a,b, 1941; Degma, 2003; Degma et al., 2004, 2005).

The goal of this study is to characterize the structure of the tardigrade community in
mosses of Central European oak-hornbeam forests using the data from SW Slovakia as
well as to identify significant environmental variables which affect the structure.

Material and methods

All the studied taxonomic groups including Tardigrada were sampled at the following study plots located in
the Malé Karpaty Mis and Trnavskd pahorkatina hills (SW Slovakia): Cajla, Vinosady, Fugelka, Lindava
Nature Reserve, Horny hdj grove, LoSonec-lom quarry, LoSonsky hdj grove Nature Reserve,
Nahié—Kukovaénik, Nahdé—Katarinka 1 Nature Reserve, Nahdé-Katarinka 2 Nature Reserve (to locate study
plots and their characterization see Zlinskd et al., 2005).

Quantitative samples of mosses (79 samples) were taken from each study plot in two periods: in 2000
(May, 31 or August, 15) and in 2002 (November, 7 or November, 8). Each quantitative sample was cut from
substrate using metallic cylinder with surface of 10 em® with minimal addition of scil. Eight samples were
taken from cach the study plot with one exception (for number of samples in each study plot see Table 3).
Immediately after cutting, each sample was put into a labelled paper bag for gradual drying.

Laboratory processing of the samples also followed the procedure according to Dastych (1980) including
submersion of a sample in a tap water for a period of 20-24 hours, detaching material from a substrate by
agitation, squeezing and sedimentation. Extraction of tardigrades, their eggs and exuvia from sediment in Petri
dish was done under the stereo-microscope (magnification 40x) using a micropipette. Specimens were
mounted in Hoyer's medium and the presence or an absence of eyes was noted before they dissolved in
medium, Cover slips were sealed with asphalt varnish after medium desiccation.

Specimens were identified under light microscope with phase contrast and oil immersion using species
descriptions of Ramazzotti, Maucci (1983) as translated by Beasley (1995), original species descriptions and
using the keys by Biscrov (1990), Bertolani, Rebecchi (1993), Pilato, Binda (1999) and Pilato et al. (2000).
Specimens of the genus Macrobiotus remained unidentified when their eggs were absent or only simplex
specimens were found in a sample. Some specimens of the genera Hypsibius and Diphascon also remained
unidentified as only simplex specimens were found.
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Enviconmental varables were measured or noted at each study plot (Zhinska et al, 2005) and the values
Dol them were used for comparisons (Table 1), Three additional variables were noted for cach sample
(‘Table 2).

Table 1. Values of chosen environmental variables at different study plots.
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CA | Cajla 270 S 7 | 80-100| 90 2| 75 [4.83| 20

Vi Vinosady 280 | NW 6 | 60-80 | 80 ) 30 | 70 |4.48| 30

I'U | Figelka 350 5 | 80-100| 40 | 50 | 80 [3.90( 10

L1 Lindava Nature Reserve 240 | none 0 [80-100| B0 1| 65 468 0

HIT | Horny hdj grove 240 (W-SW{ 5| 60-80 | 75| 10 | 80 |[5.00] IS5

LL. | Lodonec—lom quarry 340 | SW 9 | 80-100] 100 | 25 | 65 [6.74| 5

ILH | LoSonsky hdj grove Nature Reserve 260 | NE 1 | 80-100| 75 1] 80 |4.29] 15

NA | Nahic-Kukovacénik 300 | NE 31 40-60 | 100 | 20 | 75 [4.18] 50

NK1 | Nahdi¢-Katarinka 1 Nature Reserve 340 | NW 4 | 40-60 | 80 1| 80 424 0

NK2 | Nahdc—Katarinka 2 Nature Reserve 320 | SE 45 [100-120{ 90 | 35 | 75 |6.45] 20

Constancy is defined as the number of study plots where the tardigrade species was found divided by total
number of study plots and expressed as a percentage. Frequency is defined as the number of samples in which
the tardigrade species occurred in the entire studied area divided by the total number of samples and also
expressed as a percentage (Nelson, 1975). The calculation of Tardigrada species dominancy in study plots as
well as in the whole area was based on all specimens found including the unidentified ones. Species diversity
was measured using Shannon-Wiener’s index (natural logarithms were used) and the diversity of each
community at the study sites was compared with a t-test (Poole, 1974; Spellerberg, Fedor, 2003).

Kruskal-Wallis’ tests were done to evaluate the impact of nominal variables on the total number of
Tardigrada specimens as well as on the number of species at the sites, underbeds, study plot exposure, age of a
lorest stand and month of sampling using all 79 samples. Species of mosses did not enter into any
Kruskal-Wallis® test as their distribution between the samples was very unequal, most samples —54 of them—
were taken from the dominant species Hypnum cupressiforme and number of samples taken from rest of moss
species varied from 1 to 5. Chi-square Goodness of fit test with Poisson distribution was performed to test
whether Tardigrada species in the samples of moss Hypnum cupressiforme were distributed randomly in the
studied area. Simple linear regression analyses were done to test relationships between dependent number of
tardigrade specimens or number of their species in all 79 samples and each of 7 gradient variables. Stepwise
regression analysis with forward selection of gradient variables was performed to identify variables with
significant influence on the number of specimens or the number of species in the samples. Kruskal-Wallis's
tests as well as regression analyses and Chi-square Goodness of fit test were performed using computer
programme Statgraphics Plus V7.0 (Manugistics, 1993).

The cluster analysis of the communities at all the study sites were done using the computer program Nclas
from the package Syn-Tax (Podani, 1993). The complete linkage clustering method in combination with
Wishart's similarity ratio index for clustering according to abundance of species transformed with
log-transformation was used.

Canonical Correspondence Analysis (CCA) with forward selection of environmental variables using
Monte Carlo permutation tests for significance of each variable as well as for significance of the [irst
canonical axis was performed using the program Canoco (ter Braak, Smilauer, 1998). The goal was to lind
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Table 2. Number of samples per each additional variable category.
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Dicranum scoparium He d w.
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Notes: * underbed was not noted for one sample; ** composite sample from more moss species: for abbreviations of study plots see Table 1

stpnificant envicanmental vt fienc g e struc e of e Tardigrada community, Pooled abundance

of cach species at purtioulnr study plote tanstormed with Tog transformation Y = log (Y + 1) entered this
analysis together with the values of 9 environmental variables from the 13 mentioned above. Variables study
plot” (defined analysed samples) as well as anderbed, substrate species and month of sampling were omitted

from the analysis (the later three ones had various values in particular samples). CCA was also performed for
examination of the relationship between Tardigrada species and all 13 environmental variables to identify
significant ones influencing species assemblages in the 79 samples expressed by transformed abundance of
cach species with log-transformation. Downweighting of rare species was used to suppress the influence of
randomly found species that were collected in low numbers on the overall result of this analysis.

Only the identified specimens were taken into all the statistical analyses with exception of Kruskal-Wallis'
tests and regression analyses when total numbers of all Tardigrada specimens in the samples were involved,
Nomenclature of tardigrades is according to Guidetti, Bertolani (2005) and that of mosses according o
Kubinska, Misikova (1998).

Results and discussion
Structure of Tardigrada communities in oak-hornbeam forests

Abundancy and number of Tardigrada species

A total of 3, 050 specimens of water bears were found and identified except for 164
(5.4%) which lacked eggs or were only found in simplex stage. One class, 2 families and
21 species were represented in the 79 quantitave samples. Tardigrades were absent in
24 (30.4%) of the 79 analysed samples. The number of samples without tardigrades
varied between 0 (CA) and 6 (LL, 75% of samples) at the study sites. The lowest number
ol specimens was recorded in LL (21 specimens in two positive samples) and the highest
in CA (953 specimens in 8 positive samples). Minimal numbers of species were detected
at study site NA (1 species) and LL (3 species) while maximum species richness was in
HH (9 species) (Table 3). The study plot NA is the most isolated (a small forest
surrounded by fields) and could be influenced by dust rising during agricultural work.
Moreover the site LL was covered with calcareous dust from a near by limestone quarry.
Out of 21 identified species 12 (Hypsibius convergens, H. dujardini, H. pallidus,
Isohypsibius lunulatus, I. prosostomus, Diphascon pingue, D. belgicae, D. prorsirostre,
D. scoticum, Astatumen trinacriae, Macrobiotus hufelandi and Minibiotus intermedius)
were found at the same altitudes in adjacent Poland. However the Poland species were
found in a significantly broader range of altitudes. On the other hand, Astatumen bartosi
and Macrobiotus pallarii were recorded in different altitudinal zones in Poland (Dastych,
1988). We have found only Isohypsibius lunulatus from all the upland species which
have the center of their distribution in the zone of 201-500 m a.s.l. according to his
classification of tardigrades. In the same altitudinal zone in Newfoundland, only seven
species were found (Collins, Bateman, 2001). Out of those, four species (Macrobiotus ¢l
harmsworthi, M. hufelandi, Minibiotus intermedius and Diphascon scoticum) were also
recorded at our study sites. Out of the 8 species which prefer (although some of them
only slightly) altitudinal zone of 0-500 m a.s.l. based on their frequency in the samples
according to Maucci (1981), only Macrobiotus hufelandi, Minibiotus intermedius,

63



Table 3. Dominancy [%] of species at the study sites, their total dominancy (D), constancy (C) and frequency (F).
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Class: EUTARDIGRADA Richters, 1926

Family: Hypsibiidae Pilato, 1969
1 Hypsibius convergens (Urbanowicz, 1923)

2 Hypsibius dujardini (D oy ere, 1840)

ius cf. morikawai 1t o, 1995

4 Hypsibius pallidus Thulin, 1911

5 Isohvpsib
6 Isohypsib

5

asco,

/

P

D

8 D
9" B

fatumer

12 As

13 Astatumer

Family: Macrobiotidae Thu lin, 1928

14 Macrob
15 Macrob
16 Macrob
17 Macrob
18 Macrob

19 Macrob

otus pallarii M aucci, 1954

otus cf. vanescens Pilatoetal.

20 Minibiotus intermedius (P late, 1889)

21 Minibiotus sp. 1

Total Number of specimens

Total Number of samples (Nr. of negative ones)

Number of moss species

Note: for abbreviations of study plots see Table 1

Hypsibius pallidus and Diphascon scoticum were present in our material, Fially, Guoth
(1986) identificd four species (Macrobiotus hufelandi, Hypsibius dujardini, H. microps
and Diphascon scoticum) in oak-hornbeam forest in southern parts of the Malé Karpaty
Mis (study plot Borinka). Most of Gouth’s (1986) species were found in our material as
well. It is necessary to say that species like Hypsibius dujardini were identified only in a
single sample and the limited number of recorded species may be caused by limited
samples.

No single tested nominal variable was found significant (P > 0.05 for all values of
Kruskal-Wallis® statistics) neither for Tardigrada specimens number nor for number of
their species when each variable was tested separately by Kruskal-Wallis® test. This
result partly reflects relatively small number of values of specimens or species numbers
in each category (7-8 values in categories of a study plot, 13-23 values in each underbed
category, 7-16 values in study plot exposure categories, 740 values in each age of a
forest stand and 19-38 values in each month of sampling) as a small number of values
makes confidence intervals for median (as well as for mean) broader and these intervals
overlap in spite of appropriate mean values are very different from each other. For
cxample average number of specimens in one sample in LL is less than one what is in
contradiction with mean in CA when it is more than 116.

Steiner (1994) noticed the highest abundance of Tardigrada in May and a population
decline in November and March. The average of Tardigrada quantity in our samples was
52.9 in May, 22.3 in August and 33.3 in November, so as it might seem our research
partially confirmed Steiner’s findings. It is necessary to mention that the same comment
about the differences among study plots can be applied in this case. Due to broad
confidence intervals for these medians there is no statistical difference between those
seasonal ones in our numbers of specimens per sample. In contradiction to us, Nichols et
al. (2001) ascertained higher number of specimens as well as species in spring than in
summer and fall of the same year using statistical methods in Alabama. However
similarly they did not find a significant difference in these parameters among the
sampling stations. The statistical results of Romano et al. (2001) indicated fully inverted
distribution as they discovered no significant difference in numbers of Tardigrada
specimens during season but these numbers were significantly different among the
sampling sites in the other locality in Alabama. These two antagonistic results illustrate
how some most different samples — the only sample from spring 1977 in Nichols et al.
(2001) and two samples from two sites in Romano et al. (2001) can dramatically
influence overall result of statistical analysis. That is why the authors of both the studies
emphasized a need of more replicate samples to reduce the significant variability due to
random patchiness in tardigrade populations. From these reasons, we do not believe the
results of both authors reflect real habitat or seasonal differences.

From all seven gradient variables, only cover of E, is significant but only for number
of Tardigrada species and not for number of their specimens in moss samples (F = 4.336,
P = 0.041, R* = 5.3%) when each variable impact was separately tested by simple lincar

regression analysis. Coefficient of determination R? is too small hence we do not
consider even this variable to be significant,

We did not obtain sufficiently good general linear model explaining tardigrade
specimen number in the samples when stepwise regression analysis was performed
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because the coefficient of determination was oo small. For number of species (NS), the
best obtained model is NS = 0.0192*E3 — 0.0175*E2 (t = 2.812, P = 0.032 for
coefficient of E2; t = 7.585, P < 0.001 for coefficient of E3; F = 40.110, P < 0.001, R* =
50.7% for model). As we can see, this model explains only 51% of species number
variability in moss samples and so major part of this variability remains unexplained. We
think that Tardigrada species number in mosses is either largely random or it is
influenced by variables not included into our study. The fact, that altitude does not
appear to be important variable for specimen or species number per sample, is not
surprising with respect to too small interval of altitudes of our study plots (240-350 m
a.s.l.). But interesting is, that the results of two multivariate statistical methods (principal
components analysis and cluster analysis) also indicated that the abundance of
moss-dwelling tardigrades on Vancouver Island was not dependent upon the altitude
(Kathman, Cross, 1991) when they were sampled even in wider range of altitudes
(150-1525 ma.s.L).

In our opinion, the mentioned results indicate that moss-dwelling tardigrades either
do not significantly prefer any of the tested nominal variable category or interval of
gradient variable values or preference of some categories by any species is statistically
balanced by preference of other categories by other species in a community. We could
consider these results to support the hypothesis that distribution of Tardigrada on mosses
(as well as on other substrata) is a random process and due to their broad ecological
valence they survive in colonized substrata whereas their population density and
microdistribution can be simply various in time or under influence of some ecological
variables. For example, according to Wright (1991) three species — Macrobiotus
hufelandi, M. richtersi and Isohypsibius prosostomus are in negative associations. Our
samples support this statement as two of three mentioned species (without Macrobiotus
richtersi) were present in them and they never occurred together. As it concerns
tardigrades migration in moss cushion (thus their microdistribution), Wright (1991)
discovered vertical migration during dehydration of cushion in M.richtersi while
according to Nelson, Adkins (2001) migration within the moss cushion was not detected
as a result of changes in moisture conditions. Finally, population density may be the
duration which elapsed since concrete substratum was colonized by tardigrades.

Number of tardigrade species in samples of moss Hypnum cupressiforme from all the
study plots varied between O and 4. The result of Chi-square Goodness of fit test with
Poisson distribution for number of tardigrade species in these samples (3 = 1.198, P =
0.549) allowed us to not reject the null hypothesis that the number of species in moss
sample is random and with good agreement with Poisson distribution. So Tardigrada
species colonize this moss species cushions in oak-hornbeam forests in sampled area
randomly. It is very probable that the same is valid for other substrata with regard to
mode of tardigrade distribution. From this reason it is not surprising that the greatest
number of tardigrades species was found in the moss species which most samples were
taken from. From others moss species, it is notable that even four species of Tardigrada
were found in a single sample of Dicranum scoparium as well as even seven of them in
only two samples of Anomodon viticulosus. But this is not in contradiction with our
presumption that number of Tardigrada species is random also in these moss species.
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Ihis hypothesis can be confirmed or refused only by testing ol sufficiently large numbes
of samples.

Dominancy, constancy, frequency and species diversity

Nearly 70% of samples were positive in Tardigrada in the study area while in Poland
there were only 29% positive samples in these types of forests (Dastych, 1988).

The most dominant species in the study area were Macrobiotus hufelandi, M. ¢l
harmsworthi, Diphascon pingue, Minibiotus intermedius and Hypsibius pallidus. But the
dominancy of these species varied at different study sites considerably (Table 3). All
these species were relatively frequently present in the samples but only four species of all
occurred in more than 10% of the samples: Macrobiotus cf. harmsworthi, M. hufelandi,
Diphascon pingue and Astatumen trinacriae. Of them., Diphascon pingue, Astatunien
trinacriae and Macrobiotus hufelandi have even the highest constancy values (Table 3).

Species diversity was lowest (beyond that on the study plot NA, when it was equal to
sero with respect to only one species found) at the study plot CA and the highest on HH.
T-tests of species diversity (Table 4) allowed us to differentiate a group of communities
with their diversity as not significantly different. Communities with the lowest species
diversity (CA, LI, FU and VI) with 4-6 Tardigrada species present and simultaneously
one of them having very high dominancy (around 80%) belonged into this group. M.
hufelandi was the dominating species at all the mentioned study plots with exception for
the study plot VI where it was ,,substituted* by Hypsibius pallidus. The mentioned study
plots do not differ from the others in values of the studied environmental variables hence
iLis not possible to explain their difference in species diversity on this basis.

Species diversity at the other sites mostly differ from those mentioned above as well
as among each other. These differences are mostly caused by species which were present
in only one or two samples within series from each study plot. Only four species
(Diphascon  pingue, Macrobiotus cf. harmsworthi, M. hufelandi and  Minibiotus
itermedius) occurred in more than two samples in some of the study plots. So due 1o
:csn'icted number of samples at each study site, the occurrence of most of species seeni (o
e random.

Tardigrada communities at the study sites

The results of Tardigrada community clustering according to pooled log-trans(orme
abundance of species at the study sites is presented in Fig. 1.

Five clusters can be recognized on high dissimilarity level (from left to right in g
1) I — communities on study plots CA, FU, LI, LH and HH, 2 — community on NK2, |
community on VI, 4 — community on LL and 5 — communities on NA and NK .

The considerable component of the communities in the first cluster was Macrobiofs
hufelandi (not found in the other communities). Also the species Astatumen trinaciiie
(dominancy up to 4%) and Diphascon pingue (dominancy app. 5-8 %) were found in ll
these communities. We can recognize 3 subgroups within this cluster: a — communitics in
CA and FU (relatively significant representation of Diphascon  prorsirosire),
b communities in LI and LH (nearly all the found specimens of Minibiotus
intermedius), ¢ — community in HH (nearly all found specimens of Macrobiotus cf.
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Table 4. Results of t-tests of Shannon-Wiener’s species diversity H' for the Tardigrada communities in couples of study plots.

68

NK2

1.584

44
77

60
44

78

48

38
56

NKI1

0.939

385
241
521
385

108

433

220

4.669%**

NA
0.000

931

126
304
753

59

[ax!

291

16.045%%%

12.648%%*

LH
1.245
675

195
533
663

86

28.418%%*

4,194 %%

2.554%

1.099

0.437ns

3.296%
0.472ns

1.364ns

HH

1.891

75

148

75

2.287ns
6.184%%#
19.949%+*

8.549%**

1.954ns

LI
0.548

1663
169
488

1332455

1.644ns
12.527+%%

15.926%**

5.765% %%

TOB1 X%

0.676
489

271

1.763ns
10.622%%*

1.246ns

33Tk
10.546%%*

3.031%*

6.457%%%

VI
0.677

169

0.011ns

1.401ns
9.504 %

1.225ns
5,908+

7.901 %+

2.524*
5,979+

CA
0.529

1.600ns

2.017%
0.377ns
13,5145

1.699ns
12.882%%#

15.478%%=

6.043%%%

8.125%**

Study plot

Study plov/H'

CA
VI

Ll

HH
LL

LH
NA

NK1
NK2

t-values are under the diagonal and corresponding degrees of freedom are above it; ns

Notes: for abbreviations of study plots see Table 1;

##% P <0,001; P is probability for t-value

non significant — P > 0.05, * 0.0l <P < 0.05, #* 0.001 <P <0.01,

vanescens — the richest community with 9 species). This first cluster is nearly identical
with a group of study plots with statistically same species diversity (CA, VI, FU and LI).
Community in VI does not belong to this cluster due to the absence of M. hufelandi. The
differences between results of species diversities t-tests and cluster analysis are caused by
the fact that species composition plays a role in cluster analysis while species may be
mutually substituted in calculation and testing of species diversities.

B et e AR e

e e |

— e ——11

|

U
| i
CA FU LI LH HH NK2 VI

|

]
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| i | |

- |
. |

LL NA NK1

Fig. 1. Dendrogram of Tardigrada communities at the study sites (for abbreviations of study
plots see Table 1; scale of dissimilarity in vertical axis).

Community in NK2 was distinguished from the others by presence of some species
which were found only here (Hypsibius cf. morikawai, Astatumen bartosi, Macrobiotus
cf. seychellensis) as well as by concentration of nearly all the specimens of Diphascon
brevipes. Community in VI is different from the others in presence of all the specimens
ol Hypsibius dujardini and nearly all the specimens of H. pallidus as well as with
absence of Macrobiotus cf. harmsworthi and M. hufelandi. Community in LL is the
sccond poorest one with only three identified species (all present in some other
communities) and also with absence of M. cf. harmsworthi as well as M. hufelandi.
liinally, the communities in NA and NK1 are joined by meaningful proportion of M. cl.
harmsworthi specimens however the community in NA contained only this species (the
purest one) on the contrary to community on NK1 with 8 species (second richest one).

As we can see the studied communities embody relatively large structural differences.
However, the presence of concrete species in the only sample was the cause of their
mutual differentiation in some cases: Diphascon prorsirostre on CA and FU,
Muacrobiotus cf. vanescens on HH, Hypsibius cf. morikawai, Astatumen bartosi and
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Macrobiotus cf. seychellensis on NK2 and Hypsibius dujardini and H. pallidus on V1.
Therefore we believe that the result of cluster analysis is largely caused by random
distribution as well as by apparently small number of samples at different study plots.

Environmental variables and community structure

Only two gradient variables — slope of study plot and pH of litter in H,O - from amongst
7 gradient and 2 categorial variables were significant as explanatory (their P < 0.05 when
tested by Monte Carlo permutation test) in the CCA when the pooled log-transformed
abundances of particular species at the study plots were used as species data (Fig. 2).
Eigenvalues of the two first canonical axes are A, = 0.614 and A, = 0.340. The first two
canonical axes account for 35% of the total variance of the species data and 100% of the
species-environment relation. First canonical axis is significant (F = 2.030, P = 0.015)
when tested by Monte Carlo permutation test.

4
ik

| ®species Osamples (communities) A env. variables I

Fig. 2. Biplot of CCA of the communities at the study sites according to pooled abundance of species (for
abbreviations of study plots see Table 1; A species 3, 12 and 17, B species 11 and 19; for species codes see
Table 3; species found only in one or two communities are in ellipse together with appropriate community).
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Variable slope was significant as it had expressively extreme value of 45° at the study
plot NK2. Similarly, pH of litter in H,O had the second maximum value 6.45 at the same
study plot while the maximum value of 6.74 was recorded at the study plot LL due to
calcareous dust which is produced by the nearby stone quarry. That is the reason why
communities on NK2 and LL have extreme position on biplot. Among them, the
community on HH with the third maximum pH value is situated. The next (wo
communities (LL and HH) have no significant relation to slope regarding its low valucs
being compared with that on NK2. The rest of communities are located at the other end
ol its scale and their location on the biplot is due to species representation and relation of
their species to two gradient variables.

Similarly, the species position on biplot is not only due to their relation to two
significant variables but also to their communities. For example, three species Hypsibins
ol morikawai, Astatumen bartosi and Macrobiotus cf. seychellensis (position A on
hiplot) were found only in NK2. Two other species were detected as mutual in
communities in NK2 and HH: Isohypsibius lunulatus and Diphascon brevipes (see Table
# and biplot on Fig. 2). Though it seems that three species found only in NK2 have a rcal
relationship to localities with steep slopes it does not have to be, as each of these species
was found only in one sample so it concerned accidental findings. The relation of
Isohypsibius lunulatus and Diphascon brevipes to higher values of litter pH is rather
dilferent as the second species mentioned was found in three while the first one was
found in four samples (on each occasion in two samples) from these two study plots.
lHowever, we are not fully convinced that dependence of these species on less acid
substratum is hereby demonstrated as they lacked on study plot LL.

The result of CCA is in good agreement with the result of cluster analysis as groups
ol communities we can recognize in both the graphs are practically the same (Figs 1 and
’). We believe that the result of CCA was affected not only by extreme values of two
significant gradient variables but also by abundance of the same species which
determined the result of cluster analysis.

I‘cological macrodistribution of Tardigrada species in oak-hornbeam forests

Only three categories of two nominal variables — study plot VI, two age intervals of
lorest stand 40-60 and 80-100 years — [rom amongst 13 variables were significant as
cxplanatory (their P < 0.05 when tested by Monte Carlo permutation test) in the CCA
when the log-transformed abundances of particular species in the samples were used as
species data (Fig. 3). Eigenvalues of the two first canonical axes are A, = 0.524 and A,
(444, The first two canonical axes account only for 9% of the total variance of the
species data and 73% of the species-environment relation. First canonical axis is
sipnificant (F = 2.278, P = 0.042 when tested by Monte Carle permutation test).

40-60 year old forests were represented only at study sites NA and NK1 while the
study plot NK2 was covered by an 80-100 year old forest. The study plot VI, together
with HH, are the only plots in which the forest was 60-80 years old. So it seems that age
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of a forest stand is the only one, of all the studied variables, affecting quantitative
structure of tardigrade species in different moss samples.

[#%}

o1

*16

.
| 18
|

! @species Ocentroids ofenv. vanables J

Fig. 3. Biplot of CCA of the communities at the study sites according to abundance of species in samples (VI
study site Vinosady, 40-60 and 80-100 = age intervals of forest stand; A species 3, 5, 7, 12, 17 and 21; for
species codes see Table 3; species found only in one or two communities are in ellipse together with
appropriate community).

There were no remarkable relationships between species distribution and forest stands
of a certain age interval except for a few exceptions which were seen in several species
found in one random sample (Diphacon belgicae in 40-60 year old forest stand,
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Diphascon scoticum and Macrobiotus sp. 1 in 80—-100 year old forest stand, Hypsibius
dujardini and Minibiotus sp. 1 in 60-80 year old stand and Hypsibius cl. morikawai,
Astatumen bartost and Macrobiotus cf. seychellensis in 100-120 year old stand). Thus
lor cxample Macrobiotus cl.  harmsworthi, Diphascon prorsirostre, Isohypsibius
prosostomus and Minibiotus intermedius were found in 40-60 year old stands as well ax
i those of 80-100 years of age. Similarly, Macrobiotus hufelandi, M. pallarii and M. ¢l
vanescens were discovered in 60-80 years old forests as well as in those of 8O- 100 years
ol age. The other species occurred in a broader age spectrum of forest stands. From those
we can mention the most constant species such as Astatumen trinacriae (age intervil
A0-100 years) and Diphascon pingue (all the age categories studied). It is necessiary (o
cmphasize that most of the mentioned species were found in only one sample at the sites
(for example Macrobiotus cf. harmsworthi on NK2, Diphascon prorsirostre on I'U,
Isohvpsibius prosostomus on CA, LL and NK1, Macrobiotus pallarii on HH and LI, M.
cl. vanescens on HH and LL). On distant position A (Fig. 3), we find those species
having no affinity to any from mentioned three significant categories. In addition also
cvery from these species was found in each occasion only in one sample. Those are:
Hypsibius cf. morikawai, Isohypsibius lunulatus, Diphascon brevipes, Astatumen
bartosi, Macrobiotus cf. seychellensis and Minibiotus sp. 1.

We believe that two significant categories of forest stand age substitute study plots
covered by those forests. Thus category 40-60 aged forest substitutes study plots NA and
NI as well as category 80—100 aged stand substitutes study plots CA, FU, LI, LL and
[.11. From this visual angle, the result of this CCA is in quite agreement with the result of
cluster analysis as well as with that obtained by previous CCA of tardigrades
communities in study plots (Figs 1, 2).

We do not consider any of the variables to be really significant for uniqueness of
findings of many tardigrade species responsible for the result of CCA. Thus we believe
that water bears as passively dispersed organisms have no significant relationship to a
majority (if any) of ecological variables since they dispose of sufficiently broad
ceological valence to maintain in randomly colonized substrate in larger or negligible
density. Variables potentially having significant influence to population density changes
(species associations, humidity) were partly discussed in this study.

Translated by P, Degmi
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|]il‘:_'ﬂ|.ll B, Sil:ﬂlll'kil M., Guldnovi S.: Struktira spolofenstva a ekologicka makrodistribicia pomalick
(Tardigrada) Zijicich v machoch stredoeurdpskych dubovo-hrabovyeh lesov (JZ Slovensko).

(9 g e ' « . s . .

-Il|f£()\f§!| sme Struktiru spologenstiev pomaliek (Tardigrada) v machoch stredoeurépskych dubovych lesov na
10 Studijnych plochich situovanyeh v Malyeh Karpatoch a Trnavskej pahorkatine (JZ Slovensko).

70 79 kvantitativnych vzoriek odobratyeh v rokach 2000 a 2002 sme ziskali 3 050 jedincov pomaliek 21 dru
hov a dvoch celadi.

|\I'Llhkil|f“{ii“ISOVC testy a regresné analyzy ukdzali, Ze Ziadna z 12 Studovanych environmentilnych premen
JI}‘L']-I nema stnl]slwky vyznamny vplyv na pocet jedincov alebo druhov Tardigrada vo vzorkich, Chi-kvadia
lovy test dobrej zhody naznagil, Ze potet druhov Tardigrada vo vzorkich machu Hypnum cupressiforne hol
v rimcel skidmanej oblasti ndhodny. )

Vv )*Htgdkk)m I.—lc':slu dn'lhovej diverzity boli vyznamné rozdiely medzi Studijnymi plochami. Skupina spolo
¢ [!hlICY s najnizsou diverzitou sa vzdjomne neli$i. Vicsinu odliSnosti v druhovej diverzite sposobili nahodne
nijdené druhy.

v \Jslc(!ky 7:|]|Uk(!\’ej analyzy ako aj CCA poukazuji na to, Ze §irenie pomalick a ich osidlovanic jednotlivych
substritov je ndhodny proces. ‘

Ioci s vyslc_dky ovplyvnené obmedzenym pottom vzorick, domnievame sa, Ze Tardigrada ako pasivie s
uu'[.‘u ¢ organizmy majd nevyznamnd vizbu na ekologické premenné sivisiace s ich distribicion medsi
wbstritmi.
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